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(54) Method of incorporating drugs into a polymer component of stents 



(57) The drug-loaded polymeric material containing 
a therapeutic drug can be applied to a structure of an 
intravascular stent. A therapeutically effective amount 
of a therapeutic drug is incorporated into such a layer of 
polymeric material, without significantly increasing the 
thickness of the stent, to avoid interfering with the func- 
tion of the stent. The drug-loaded polymer coating of the 
stent can formed to include pores, can be multi-layered 
to permit the combination of a plurality of different drug 
containing materials in a single stent, and can include a 



rate controlling membrane to allow for controlled reten- 
tion and delivery of selected drugs within the affected 
blood vessel upon implantation. The layer of polymeric 
material is manufactured by combining the selected pol- 
ymeric material with a relatively high loading of the ther- 
apeutic drug in a thermal process, such as coextrusion 
of the therapeutic drug with the polymeric material. The 
therapeutic drug is dispersed and incorporated into the 
polymer as small particles, preferably having a maxi- 
mum cross-sectional dimension of 10 microns. 



FIG. 1 
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Method of incorporating drugs into a polym 



(57) The drug-loaded polymeric material containing 
a therapeutic drug can be applied lo a structure of an 
intravascular stent. A the rape utically effective amount 
of a therapeutic drug is incorporated into such a layer of 
polymeric material, without significantly increasing the 
thickness of the stent, to avoid interfering with the func- 
tion cf the stent. The drug.loaded polymer coaling of the 
stent can formed to Include pores, can be multi-Jayorod 
lo permil the combination of a plurality of different drug 
containing materials in a single stent, and can include a 



er component of stents 

rate controlling membrane to allow lor controlled relen- 
tion and delivery of selected drugs within the affected 
blood vessel uocn implantation. The layer of polymeric 
material is manufactured by combining the selected pol- 
ymeric matorial with a relatively high leading of the ther- 
apeutic drug In a thermal process, such as coexlrusion 
of the therapeutic drug with the polymeric material. The 
therapeutic drug is dispersed and incorporated into the 
polymer as small particles, preferably having a maxi- 
mum cross-sectional dimension of 10 microns. 



FIG. 7 
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Description 

BACKGROUND Qf Jjz INVENTION 
F:e;c of the Ir.veniion 

This invention reiales generally to expandable in- 
Iraluminal vascular grafls, generally referred to as slents 
and. more particularly, concerns slents ccated with a 
polymer component capable of carrying and releasing 
therapeutic drugs, and a method of incorporating thor- 
apeutic drugs into the polymer comconent of such 
stents. 



peuhc drug iriio an intravascular layer of oorymenc ma- 
lenal which can be appheo to a relatively permanent in- 
travascular device, such as a stent, that dees nof require 
an invasive operation for placement of the device, in a 
5 manner that wcuid not interfere with the functioning of 
the stem. 

SUMMARY OF THE INVENTION 



Description of Related Art 

Systemic administration of some therapeutic phar- 
maceutical drugs, in order la provide an efficacious con - 
centraticn of the drugs at a focalized area of inlerest, 
can produce serious systemic side effecls. Local admin- 
istralion cl a Iherapeutic drug can be significantly more 
effective and produce fewer side effects than systemic 
delivery, particularly for anticoagulants used forprcvent- 
ing thromoosis of a coronary stent, and cytostatic agents 
applied for reducing post-angioplasly, proliferation of 
vascular tissue, whicn is a factor when restenosis oc- 
curs following an angioplasty procedure. 

There thus has been a need in modern medicine for 
techniques for local delivery of Iherapeutic drugs. In one 
technique, calhelers have been used to deliver Ihera- 
peutic drugs in a solution used to bathe Ihe tissue for a 
short period of time, which is effective lor administration 
of thrombolytic drugs, or to inject Ihe drug solution into 
the lissue surrounding the area of interest. However, the 
therapeutic effect of drugs delivered by this method gen- 
erally is relatively short, as the drugs commonly are 
eliminated easily from Ihe delivery site. 

Therapeutic drugs have been incorporated into rel- 
atively permanent structures for bnger term delivery of 
the drugs at the site of interest. For example, extravas- 
cuiar wraps having a relatively large quantity of a drug 
<n a bandage structure can be applied around the exte- 
rior of an artery. Although work in animaJs has shown 
that this technique is effective Tor locaJ anticoagulation 
with heparin, it has limited practical utility in human be- 
mgs. since an invasive- operation is required to place the 
extravascular wrap at the site of interest. 

In another technique, coatings of therapeutic drugs 
have been applied to stents in order to provide sustained 
delivery of ihe drugs a^ the site of interest. However, 
ccatings thick enough to provide a therapeutically effec- 
tive amount of the drug can severely compromise the 
function of the stent, and very thin coatings that do not 
impede the funclion of (he stent, such as heparin coat- 
ings with a Ihickness of several microns, typically do noi 
deliver a therapeutically effective amount of Ihe drug. 

It would be desirable to provide a method of incor- 
porating a therapeutically effective amount of a thera- 



10 Briefly, and in general terms, particular embodi- 
ments of the invention provide for a polymeric material 
containing a therapeutic drug for application to a struc- 
ture of an intravascular stent, and a method of incorpo- 
rating a therapeutically effective amount of a therapeutic 
'S drug into a polymeric material for application to the 
structure of an intravascular stent, which when applied 
to the structure of the stent will net significantly increase 
the thickness of the slent, and thus will not inlerf ere wi'lh 
the funclion of the stenl. 
20 Accordingly, in one embodiment the invention pro- 
vides for a pofymeric material containing a therapeutic 
drug, for applicalion to a thin reinforcement or structural 
member of the stent on at least one side, for carrying 
and releasing the therapeutic drug. The thin rainforce- 
2S ment provides the structural strength required for main- 
taining ihe patency of the vessel n which the stent is 
placed. 2nd the polymer coating provides the stent with 
the capacity for carrying and re'easin g therapeutic drugs 
at the location of the stent cf the vessel in which the 
Jfl slent is placed. The polymer coaling can be formed lo 
include pores or to contain a material which will dissolve 
or degrade to form pores in the polymeric material, can 
be mulli-layered to permit the combination of a plurality 
of different drug containing materials in a single stent, 
os and can include a rate-controlling membrane to allow 
for controlled retention and delivery of selected drugs 
within the affected blood vessel upon implantation De- 
pending upon the construction and lamination of the 
stent, drugs can be released simultaneously or sequen- 
ce lially, on the exterior surface of the stent to a blood ves- 
sel wall, and directly into the bloodstream, as desired. 

Embodiments of the present invention also provide 
for a method of incorporating a therapeutic drug info a 
pofymeric malarial. In one preferred embodimenl of the 
*S method of the invention, a layer of polymeric material is 
manufactured by combining the selected polymeric ma- 
terial wilh a relatively high loading of fhe therapeutic 
drug in a thermal process, such as coextrusion of the 
Iherapeulic drug with Ihe pofymeric material, for exam- 
so pb, although other thermal processes such as molding 
or calendaring may also be suitable. The polymeric ma- 
terial preferably is selected to have a relatively low 
processing temperature, at which ihe drug of interesl is 
thermally unstable. In another preferred embodimenl of 
SS ihe method of Ihe invenlion, particularly where the drug 
of interest is thermally unstable and a low temperature 
processing polymer is not suitable, the layer of the se- 
lected polymeric material can bo formed by solvent cast- 
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ing or Dy coating the pclymenc material wrth me selected 
therapeutic drug. In either a thermal process, such as 
ccexirusion. or a low or ambient temperature process, 
s jch as scivenl casting. Ihe theraceutic drug can be dis- 
osrsec arc incorporated into a pciymer as small parti- 
c.es preferacy having a maximum cross-sectional di- 
mension cf apcul 10 microns. 

These and olher aspects and advantages of Ihe in- 
vention will become apparent from the following delailed 
description, and the accompanying drawings, which il- 
lustrate by way of example aspects of the invontion. 

BPIE = Q ESCRIFTIQN OF THE DFAWlNGS 

Fig 1 is a cross-sactional view of an extrusion ap- 
paratus for use in combining a therapeutic drug with 
a pciymer component of a stent according to a 
melhcd embodying the invention; 
rig. 2 is a diagrammatic view of a laminaling appa- 
ratus that can be used for laminating the reinforce- 
ment member ol the stent on one side with a drug- 
(oadca paiymcric film; and 

Pig. 3 is a diagrammatic view of a lamination appa- 
ratus that can be usgd lor laminating the reinforce- 
ment member of the stent on two sides with a drug- 
loaded poiyrneric film. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Local administration of Iherapeulic drugs lo avoid 
the serious side effects that can result from systemic ad- 
ministration of seme Iherapeulic drugs can result in lim- 
itation of tne effective duration of the drug to a relatively 
short period cf time, due to elimination of the therapeutic 
drug from the delivery site. Administration of therapeutic 
drugs to a blood vessel by a relatively permanent intra- 
vascular device to provide a longer effective duration of 
localized drug therapy also poses the problem of pro- 
viding a therapeutically effective amounl of Ihe drug 
without substantially increasing the thickness of the de- 
vice, which increased thickness could injure or block the 
vessel when the device is deployed. 

Aspects of the invention accordingly are embodied 
in a polymeric material containing a therapeutically cf- 
lective amount of a therapeutic drug that can be com- 
bined with Ihe reinforcement structure of an intravascu- 
lar stent, and a method of incorporating the therapeutic 
drug into the polymeric material and forming lha poly- 
meric material as a thin layer containing a therapeuti- 
cally effective amount of the therapeutic drug, lo be in- 
corporated in the stent wilhout significantly increasing 
the thickness of the stent 

As is illustrated in the drawings, in one preferred 
embodiment, a selecled Iherapeulic drug is preferably 
inlimalely mixed with the selected polymeric material so 
as lo uniformly disperse the therapeutic drug in the pol- 
ymeric material. The specific method of uniformly dis- 



persing tne therapeutic drug in me polymer can vary, 
and eecencs upon :he stability ol :r.a therapeutic drug 
lo ihernal processing. However, in a preferred embod- 
iment. Ihe theraceutic drug is uniformly disoersed in the 
5 polymeric material t:y coextrucing small solid particles 
cl Ihe selected theraceutic drug with Ir.e selected cciy- 
meric material, as is ifluslraiea in Fig. i. Such an extru- 
sion apparatus 10 typically includes a hopcer inlo which 
the polymeric material and small carlicles of 'he select- 
'0 ed therapeutic drug are added together, and into which 
a porosigen can also be added, il desired. The extruder 
also typically includes a lead screw 14 that dnves and 
intimately mixes the ingredients together, to uniformly 
disperse the small particles of the therapeutic drug, and 
tS if desired, a porosigen as well, in the cciymeric malarial. 
The barrel 16 of Ihe extruder preferably is heated by 
temperature controlled healers 18 surrounding the bar- 
rel in stages. A molcr 20 and assodatec gears are pro- 
vided to drfve the lead screw, ana a cooling system 22 
& also is typically provided. This melhod of intimately mix- 
ing the iherapeulic drug and polymeric material can 
yield a relatively high and uniformly distributed loading 
ol the therapeutic drug in the polymer. While a currently 
preferred loading ol the therapeulic drug is no more than 
2S about 40% by weight, drug loadings as high as 70% by 
weight depending upon the specie apclication and in- 
teraction of the polymer with the drug, have been 
achieved by this methoo. The drug-leaded polymer can 
be extruded into an appropriate shape, or subsequently 
^0 can be calenaared lo produce a dr^g-loaded polymer 
film having a smooth surface, with the therapeutic drug 
uniformly distributed in Ihe lilm. 

The selected therapeulic drug can, for example, be 
anticoagulant, antiplatelet or antithrombin agents such 
35 as heparin. 0-pne-pro-arg<hloromethylkctone (syn- 
thetic antithrombin), dipyridamole, hirudin, recombinant 
hirudin, thrombin inhibitor (available from the Siogen 
Company), orc7E3 (an antiplatelet drug from the Cen- 
locore Ccmpany); cytostatic or anliprcliferalive agents 
<o such as angiopeptin (a somatosiatin analogue from the 
Ibsen Company), angiolenstn-converting enzyme inhib- 
itors such as Caplopril (available from the Squibb Com- 
pany). Cilazapril (available from the Hortman-LaRoche 
Company), or Lisincpnl (available from the Merck Com- 
pany) calcium channel blockers (such as Nifedipine), 
colchicine, fibroblast growth factor (FGr) antagonists, 
fish oil (omega 3-fatty acid), low molecular weight 
heparin (availabfe from the Wyeth and Glycomed Com- 
panies), histamine antagonists, Lovastatin (an Inhibitor 
so of HMG-CoA reductase, a cholesterol lowering drug 
from the Merck Company), methoirexate. monoclonal 
anlibodies (such as lo PDGF receptors), nilroprusside, 
phosphodiesterase inhibitors, prostacyclin and prosta- 
cyclin analogues, prostaglandin inhibitor (available from 
ss the Glaxo Company). Seramin (a PCGF antagonist), se- 
rolonin blockers, steroids, thioprotease inhibitors, and 
triazolopyrimidine (a PDGF antagonist). Other thera- 
peutic drugs which may be appropriate include alpha- 
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uuaneron ana genetically engineered epiinelial cells, for 
example. 

The particles of tho desired therapouhc drug pref- 
erably ara formed by air milling of crystals of the thera- 
peutic drug :o form microc/arvjfgs of the therapeutic 
drug. This method is preterrec because it typically pro- 
duces no heat and generally cces not ,ead to contami- 
nation of the therapeutic drug. The particles of the de- 
sirea therapeutic drug can also be formed by recryslal- 
ItZation. bell milling or grinding, as long as generation of 
heat and possible contamination are closely controlled 
The particles of the desired therapeutic drug prcf- 
eracly are formed to have a maximum cross-sectional 
cimansion of about 10 microns. An average particle size 
of less lhan 10 microns, and a uniform distribution of the 
panicles of the therapeutic drug in the poiyrneric mate- 
rial, are critical to provision of a therapeutically effective 
amount ol the therapeutic drug in the "ayer ol polymeric 
material to be applied to the structure of the stent, be- 
cause the layer of polymeric material typically can be as i 
thin as 25 microns. The size and c:slribution of the par- 
tides ol the therapeutic drug also can affect the physical 
properties of ine polymer. 

In a preferred embodiment of the method ol the in- 
vention, the polymeric material in which the therapeutic 2 
drug is incorporated has a relative iy low processing tem- 
perature, such as polycaprolaclcne, having a process- 
ing temperature ol approximately SC'C, poly(ethylene- 
co-vinyl acetate) or paiy(vinyi acetate), having proegss- 
ing temperatures ol approximately 100°C. or silicone 3i 
gum rubber, having a processing temperature of about 
40'C, for example. Other polymers heving similar rela- 
tively low processing temperatures also may be suita- 
ble. Other polymers which may be suitable include non- 
degradable polymers capable of carrying and delivering * 
therapeutic drugs, and biodegradable," bioabsorbable 
polymers capable of carrying and delivering therapeutic 
drugs, such as poly-DL -lactic acid (DL-PU\), and poly- 
L-lactic acid (L-PLA), porycrrhoesters, poryiminocar- 
bonates, aliphatic pofycarbonates. and polyphosp- *i 
hazenes. 

Alternatively, the therapeutic drug can be com- 
pounded with the polymer by calendaring the ingredi- 
ents, such as in a two-roll mill, for example. This method 
also can yield a relatively high and unilormly distributed *s 
loading of the therapeutic drug in the polymer. 

. A porosigen also can be incorporated in the drug- 
loaded polymer by adding the porosigen to the polymer 
along with the therapeutic drug to form a porous, drug- 
loaded polymeric membrane. A porosigen is defined So 
herein for purposes of this application as any moiety, 
such as microgranules of sodium chloride, lactose, or 
sodium heparin, for example, which will dissolve of oth- 
erwise wiU be degraded when immersed in body fluids 
lo leave behind a porous network in the polymeric ma- 55 
terial. The pores left by such porosigens typically can 
be a large as 10 microns. The pores formed by porosi- 
gens such as polyethylene glycol (PEG), polyethylene 



oxide/pciypropylene oxide (PEC/P^O) copolymers, for 
example, also can be smaller than one micron, although 
other similar materials which form prase separations 
from the continuous drug-loaded pciymeric mairix and 
S can later oe leacned cut by body fluids also can be suit- 
able fcr forming pores smaller than one micrcn. While 
currently it is proforred to apply the polymeric materiaj 
lo the structure of a stent during Ihe lime thai Ihe ther- 
apeutic drug ana porosigen material are contained with- 
'0 in the polymeric material, to allow the pcrosigen to be 
dissolved or degraded by body fluids when the stent is 
placed in a blood vessel, allematively the porosigen can 
be dissolved and removed from the polymeric material 
to form pcres in the polymeric material prior lo place- 
s ment of the polymeric material combined with the stent 
within a blood vessel. 

If desired, a rate-controlling memorane also can be 
applied over the drug-loaded polymer, to limil the re- 
lease rale ol the therapeutic drug. Such a rale-controi- 

0 ling memorane can be useful for delivery of water solu- 
ble substances as to wheh a nonporous polymer film 
would completely prevent diffusion ol the drug. The rate- 
controlling membrane can be added by applying a coat- 
ing from a solution, or a lamination, as described previ- 

f ously The rale-conlrolling membrane applied over the 
polymaric malarial can be formed to include a uniform 
dispersion of a pcrosigen in the rat a -controlling mem- 
brane, and the porosigen in the rate-controlling mem- 
brane can ce dissolved to leave pores in the rate-ccn- 

1 iroliing membrane typically as large as 10 microns, or 
as small as 1 micron, for example, although trie pores 
also can be smaller than 1 micrcn. The porosigen in the 
rate-controlling membrane can be, for example, sodium 
chloride ! lactose, sodium heparin, polyethylene glycol, 
polyethylene oxidc/polypropylcnc oxide copolymers, 
and mixtures thereof. 

The drug-loaded polymer can be laminated to the 
surface ol a stent. The inner reinforcement structure to 
which the drug-loaded polymer is laminated preferably 
is formed Irom a thin sheet of metal, such as slainless 
steel, although other metals such as platinum-iridium al- 
loy, molybdenum-rhenium alloy, tantalum, gold, combi- 
nations thereol and other similar materials also may be 
suitable. The inner metal reinforcement structure of the 
stent p/elerably is laminated with polymer films on each 
side, with at least one coating of a polymer film. Alter- 
natively, the reinforcement structure also can be coated 
on one side, if desired. At least one laminating polymeric 
film capable of absorbing and releasing therapeutic 
drugs is placed on at least one side of the reinforcement 
member of the stent, and the laminating polymeric film 
Is heated lo its appropriate processing temperature to 
bond the laminating polymeric film to the surface of the 
inner stent member to form a laminated stent member. 

When the slructural reinforcement member 30 of 
Ihe slent is to be laminated on one side only, the rein- 
forcement member and polymer film can be bonded by 
atypical two-ply fusion lamination system 32. as is iflus- 
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iraiea m Fig. 2 The two-ply laminating stacx typicaily 
includes an idler :oll 34 receiving a sheet or lha rein- 
forcement members 20 and a lay-on rolf 3S receiving 
Ihe drug-daded polymeric turn 2S The reinforcement 
member 20 and arug-ioaded polymeric film 28 are 
presseo He intimate contact belween the iay-on roll and 
the neaiing and combining drum 33, andean be heated 
by the drum and iake-eff heat roll 40. where Ihe rein- 
forcement member arc c;ug-loaded film laminate can 
be utilized for further processing in making the drug- 
loaded slent. 

When the reinforcement member is to be laminated 
on both sides, the reinforcement member 20 and drug- 
leaded polymeric film layers 29, 29 can be bonded to- 
gether by typical three-ciy lusion lamination rolls, as is 
illustratso m Tig. 3. Sucn a three-ply fusion lamination 
system 42 typically can include a first preheat roll sys- 
lem 44 lor receiving anc creh eating one drug-loaded 
polymeric film 29. a second preheat roil system 43 for 
receiving and preheahnc the sheet of reinlorcemenl 
members 30. and a layon roll 49 for pressing the rein- 
lorcemenl member and first drug-toaded polymeric lam- 
inating film together in intimate contact against the heat- 
ing-and-comcining drum 50 A third preneat roll system 
52 can ba provided for receiving and preheating the sec- 
ond orug-loaded polymeric laminaling film 29. and a lay- 
er rc:i 54 presses the second drug-foaaed polymeric 
laminating film and reinforcement member together in 
inlimate contact against ihe drum. The reinforcement 
member and two layers of laminating film can be further 
heated by the drum and take-off heat roll 56, and re- 
moved lor further processing in making the drug-loaded 
stenl. Other laminaling systems thai combine the rein- 
lorcemenl member with cne or more of the drug-loaded 
polymeric laminating films also may be suitable. Alter- 
natively, the polymeric film can be applied by solvent 
casting, or by adhering the film lo the surface of the inner 
stent member with a biocompatible adhesive. 

Any excess poiymer extending bayond the desirad 
edges of orifices or the outside edges of the stent pref- 
erably is removed, typically by culling wilh a laser (not 
snown), such as a continuous C0 2 laser, a pulsed yt- 
Irium aluminum garnet (VAG) laser, or an excimer laser. 
Icr example, although Ihe excess polymer also can be 
removed by stamping and the like. 

It thus has been demonstrated that the described 
embodiments provide for a polymeric material contain- 
ing a therapeutically effective amount ol a therapeutic 
drug that can be combined wilh a reinlorcemont struc- 
ture cf an mtravascularslent. and a method of incorpo- 
rating the therapeutic drug into the polymeric material 
for combination with the stent, and for forming the pol- 
ymeric material as a thin layer containing a therapeuti- 
cally effective amounl ol Ihe therapeutic drug lo be in- 
corporated in the slent wilhout significant increasing 
the thickness of the stenl. 

It will be apparent from the foregoing that while par- 
ticular forms of the invention have been illustrated and 



described, various meditations can be made without 
departing from the scope ol Ihe invention Accordingly, 
it is not mtencea thai lha invention be Imilad, except as 
by ihe appended claims. 



Claims 

1. A melhod of incorporaling a therapeutically eftec- 
>o live amount of a theraoeutic crug into a polymeric 
material lor application lo an intravascular stent, the 
method comprising the steps cf: 



forming solid panicles of a therapeutic drug to 
have a maximum cro&s -sectional dimension of 
aboul t0 microns; and 

uniformly dispersing said solid particles of said 
Iherapeulic drug in said polymeric material 
such lhal said particles of said Iherapeulic drug 
lorm up lo 70% by weight of the Ictal weight of 
Ihe Iherapeulic drug and Ihe polymeric materi- 
al. 



20 



2. The method of claim i , wherein said step of forming 
25 solid parlicies of said therapeutic drug comprises 

one or more of air milling crysTals of said therapeutic 
drug, recryslaliizing crystals of said therapeutic 
drug, bail milling crystals ol said theraoeutic drug, 
or grinding crystals cf said therapeutic drug. 

30 

3, The melhod of claim 1. wherein said therapeutic 
drug is selected Ircm the group consisting of 
heparin, D-phe-pro-aig-ehlorome thy (ketone, dipyri- 
damole, hirudin, recombinant hirudin, thrombin in- 

3S hibitor. angiopeptin, angiotensin converting en- 
zyme inhibitors, calcium channel blockers, colchi- 
cine, fibroblast growth factor antagonists, fish oil, 
omega 3-tally acid, low molecular weight heparin, 
histamine antagonists, inhibitors of HMG-CoA re- 
40 ductase, methotrexate, monoclonal antibodies, ni- 
Ircprusside. phosphodiesterase inhibitors, prosta- 
cyclin and prostacyclin analogues, prostaglandin 
inhibitor, PDGF antagonists, seroionin blockers, 
steroids, Ihioprolease inhibitors. Iriazolopyrimidine. 
45 alpha-inlerferon. and genetically engineered epi- 
thelial cells : and mixtures thereof. 

4. The method of claim 1 , wherein said polymeric ma- 
terial has a relatively low thermal processing tem- 

50 perature. 

5. The melhod of claim 1 , wherein said polymeric ma- 
terial has a thermal processing lemperature of not 
more than approximately 100'C. 

6. The melhod of claim 1 , wherein said polymeric ma- 
terial is selected Irom the group consisting of poly- 
caprolactonc, poly(cthylonc-co-vinyl acetate), poly 
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(vinyl acetate), silicone gum ■ Libber poly- DL -lactic 
acid (DL-PLA), poly-l-lactic acid (L-PLA). poly- 
orthoescers. polyiminocarbcrates, afiphalic ooly- 
carbonatas. polyphospJiazer.es. and mixtures 

"thereof 

7. The method of claim t. wherein said particles of 
said therapeutic drug comprise up to 70% by weight 
of the lotal weight of ihe therapeutic drug and the 
polymeric material. 



8. 



10. 



The meihod of claim 1. wherein said stop of uni- 
formly dispersing said solid particles of said thera- 
peutic drug in said polymeric material comprises 
one or more of coextruding said particles of said IS 
therapeutic drug and said polymeric malarial, cal- 
endaring said particles of said therapeutic drug and 
said polymeric material together, or solvent casting 
said particles of said therapeutic drug together with 
said polymeric material. 20 

The method of claim 1, further including Ihe step of 
uniformly dispersing a porosigen in said polymeric 
material' :ogether with said therapeutic drug. 

25 

The method of claim g. wherein said step of uni- 
formly dispersing a porosigen in said polymeric ma- 
terial together with said therapeutic drug comprises 
coextruding said porosigen together with said ther- 
apeutic crug and said polymeric material. 30 

11. The meihod of claim 9, further including the step ol 
dissolving said porosigen in said polymeric material 
to leave pores in said polymeric material. 

35 

1 2. The method of claim 1 1 , wherain said pores have a 
maximum cross-sectional dimension ol about 10 
microns. 

13. The method of claim 1 1 , wherein said pores have a *o 
maximum cross-seclional dimension of about one 

micron. 

14. The method of claim 1. further including the step of 
applying a rate-controlling membrane over said pol- *s 
ymeric material to control the release rale of said 
therapeutic drug from said polymeric material. 

15. The method of claim 14, wherein said step 0/ apply- 
ing a rate -con trolling membrane over said polymer- so 
ic material comprises lorming said rate-controlling 
membrane to include a uniform dispersion of a po- 
rosigen in said rale-controlling membrane. 



1 7. The method of claim 9 or claim 1 5, whorein said po- 
rosigen is selected from the group consisting ol so- 
dium chloride, lactose, sodium heparin, polyethyl- 
ene glycol, polyethylene oxids/pofy propylene oxide 
coociymers. and mixtures theraof. 

18. The method of claim 1 . further including the step of 
lorming said polymeric material containing said 
therapeutic drug as a sheet at least about 2S mi- 
crons thick. 

19. The method of claim 18, further including Ihe step 
ol laminating said sheet of polymeric material con- 
taining said therapeutic drug to an intravascular 
stent structure. 

20. The method of claim 19. further including the step 
of removing excess polymeric material laminated to 
said intravascular stent structure. 



21 



A polymeric material containing a therapeutic drug 
for application to an intravascular stent for carrying 
and delivering said therapeutic drug within a blood 
vessel in which said intravascular stent is placed, 
comprising. 

a polymeric material having a roiativaly low 
thermal processing temperature; and 
particles of a therapeutic drug incorporated in 
said polymeric material. 



22. The polymeric material of claim 21, wherein said 
polymeric material has a thermal processing tem- 
perature no greater than about 100 a C. 

23. The polymeric material of claim 21, wherein said 
polymeric material is selected from the group con- 
sisting of polycaprolactone, polyfethylene-covinyl 
acetate), polyvinyl acetate), silicone gum rubber, 
poly-DL-lactic acid (DL-PLA). poly-L-laclic acid (L- 
PLA). polyorthoeslers. polyiminocarbonates, 
aliphatic polycarbonates, polyphospha2en.es. and 
mixtures thereof. 

24. The polymeric material of claim 21. wherein said 
particles of said therapeutic drug can have a maxi- 
mum cross -sectional dimension of up to 50 mi- 



15. The meihod ol claim 15. further including Iho step 
of dissolving said porosigen in said rale-controlling 
membrane to leave pores in said rate -controlling 
membrane. 



ss 



25. The polymeric material of claim 21, wherein said 
therapeutic drug is a drug selected from the group 
consisting of heparin. 0-phe-pro-arg-chloromelhyl- 
ketone, dipyridamole, hirudin, recombinant hirudin, 
thrombin inhibitor, angiopeptin, angiotensin con- 
verting en2yme inhibitors, calcium channel block- 
ers, colchicine, fibroblast growth factor anlagonists, 
fish oil. omega 3-fatty acid, low molecular weight 
heparin, histamine antagonists, inhibitors of HMG- 
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CcA reductase, methotrexaie. monoclonal antibod- 
ies, nitroprussida. phosphodiesterase inhibitors, 
crcsiacyclin and prostacyclin analogues, prostag- 
landin inhibitor. PQGr antagonists, serotonin block- 
ers, siercic's, thioprctease inhibitors, triazolopyrimi- 5 
sine, alcna-interferon. and genetically engineered 
acithelial cells, ana mixtures thereof. 

26. The poiymeric material of ciaim 21. whersin said 
particles of said therapeutic drug comprise up to 10 
70% by weight of the totaJ weight of the therapeutic 
crug and the polymeric material. 

27. The polymeric material cf claim 21, wherein said 
particles at said therapeutic drug comprise up to »* 
40% by weignt of the total weight of the therapeutic 
drug and :he polymeric material. 

2S. The polymeric material of claim 21, further compris- 
ing a porosigen uniformly dispersed in said poly- 20 
meric matenal 

29. The pdymeric material of claim 2S. wherein said po- 
rosigen .s selected Irom ihe group consisting of so- 
aiun chloride, lactose, sodium heparin, pclyethyl- 25 
ere glycci, polyethylene oxide/polypropylene oxide 
coociymsrs, and mixtures thereof. 

30. The polymeric material of claim 21, wherein said 
polymeric material comprises a surface defining 3Q 
pcres with a maximum cross -sectional dimension 

cf less than about 1C microns. 

31. The polymeric material of claim 21. further including 

a rais-controlling membrane. & 

32. The polymeric material of ciaim 31, wherein said 
rate-controlling membrane is formed to include a 
uniicrm distribution of a porosigen. said porosigen 
being selected 1rcm the group consisting of sodium *0 
chloride, lactose, sodium heparin, polyethylene gly- 
col, polyethylene oxide/pofypropylene oxide copol- 
ymers; and mixlures thereof. 

33. The polymeric material of claim 31. wherein said 4S 
rate-ccnu oiling membrane comprises a surface de- 
fining pores with a maximum cross -sectional di- 
mension of about ten microns. 

34. The polymeric material of claim 31, wherein said So 
rate-controlling membrane comprises a surface de- 
fining pores with a maximum cross-sectional di- 
mension cf about one micron. 

35. The polymeric material of claim 21, wherein said 
polymeric material containing said therapeutic drug 
is formed as a sheet at least about 25 microns thick. 



36. The polymeric material of claim 35, wheroin said 
sheet ol polymeric material containing sad thera- 
peutic drug further is laminated to an intravascular 
sient structure. 
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FIG. 1 
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FIG. 3 
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